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At  shear  rates  ranging  from  0.05  to  50  sec  the  logarithm  of  vls- 
cojlty  of  hoparinizod  and  doflbrlnatod  blood  obtoinod  from  man  and  dogs 
oaenvs  a  linear  relationship  with  the  volume  per  cent  of  cells.  Analyses  of 
such  oamllog  plots  Indicate  that  the  dependence  of  plasma  viscosity  on 
shear  rate  can  be  attributed  to  the  presence  of  fibrinogen  and  that  the  depen¬ 
dence  of  blood  viscosity  on  volume  per  cent  cells  is  unaltered  by  the  removal 
of  fibrinogen. 

Dextran  preparations  obtained  from  two  different  sources  have  similar 
effects  on  blood  viscosity  which  Increases  in  proportion  to  the  molecular 
weight  and  the  concentration  of  the  dextran  used. 

At  a  given  shear  rate  and  for  a  given  cell  percentage,  the  viscosity  of 
hcpaiinized  blood  obtained  from  five  species  of  animals  (  elephant,  man,  dog, 
sheep,  goat )  shows  a  direct  relationship  to  the  mean  corpuscular  volume  (  MCV  )t 
Guch  correlation  between  viscosity  and  MCV  is  less  marked  in  Ringer- 
washed  cell  suspensions  prepared  from  the  blood  of  these  species. 

Ghrlnkago  of  red  cells  by  washing  with  a  hypertonic  solution  results  in 
an  increase  of  mean  corpus'-’ular  hemoglobin  concentration  (  MCHC)  and  a 
rise  of  '/iscosity.  Owelling  of  red  cells  by  wasliing  with  a  hypotonic  solu¬ 
tion  causes  a  decrease  of  MCHC  and  a  lowering  of  viscosity. 

In  endotoxin  shock,  tho  outward  filtration  of  plasma  fluid  across  cap¬ 
illary  walls  is  accelerated  and  the  concentration  of  macromolocules  in 
this  fluid  is  also  increased. 
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TASI/:  OF  COH'JI-.tr.-::, 

I,  ,.;ffcci3  ol  shear  rate,  red  cell  concentration  and  removal  of  plasma  proteins. 
TI.  I'ffpcts  of  IiiE'n  and  low  molecular  dextrans. 
m.  -llffects  oi  rod  coll  size. 

A.  Comparative  studies  on  goat,  sheep,  doc,  man  and  elephant. 

C.  Osmotic  alterations  of  red  cell  size. 

IV.  Developments  in  instrumentation. 

V.  otudics  on  endotoxin  shock. 

INTRODUCTIOM 

Since  the  '.iscosity  of  blood  is  strongly  shear-rate  dependent  at  low  rates  of 
shear  approximating  near-zero  flow  3  ),  it  appears  to  be  advantageous  to 

examine  the  effects  of  physiological  and  pathological  alterations  in  blood  composition 
in  tills  low  shear  rate  range  where  the  viscosity  is  high  and  likely  to  display  tlie 
greatest  changes.  This  has  been  done  in  the  present  investigations  by  utilizing  a 
G.D.  M.  air-bearing  couette  viscometer  (4  )  which,  except  in  solutions  of  very  low 
viscosity,  permits  readings  to  be  made  at  shear  rates  down  to  0.05  reciprocal 


seconds. 


I .  ..AV  ^.  u-.r.  cell  coHr:'.ir.’.-,./.'i’ici!  Airo  iizmo  /al  of 
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The  concentration  of  red  cclln  haa  long  been  rccogni/-cc;  as  the  major  contrib¬ 
utor  to  blood  viscosity,  '.'his  relation  was  examined  through  a  wide  range  of  hema¬ 
tocrit  values  and  ;it  various  shaai*  rates  for  heparinized  and  defibrinated  human  and 
dog  blood,  as  v/cU  as  for  washed  cello  suspended  in  Tii\gcr*s  solution.  Itegroosion 
analysis  of  the  data  indicates  that  for  a  given  shear  rate  a  linear  rclationsliip  exists 
between  the  logaritlirn  of  the  /iscoslly  and  the  volume  per  cent  of  red  cells 
(  hematocrit  value  corrected  for  plasma  trapping  ). 

j  igures  1  and  2  illustrate  typical  sets  of  data  for  heparinized  human  and  dog 
blood  respectively.  The  linos  shown  in  Figure  3  represent  the  linear  regression 
linos  based  on  five  sucli  experiments  on  dogs.  It  is  seen  that  the  intercepts  on  the 
viscosity  axis  at  zero  cell  concentration  vary  with  the  shear  rate.  The  implication 
is  that  the  viscosity  of  cell-froo  heparinized  plasma  is  shear-rate  dependent  (  non- 
Nowtnnlnn  ).  Direct  measurements  on  plasma  gave  supporting  indication  of  tins 
irdcrence,  although  exact  torque  readings  at  the  lowest  shear  rate  (  0.05  scc”^  )  are 
too  near  the  limits  of  sensitivity  of  the  G.D.M.  to  be  reliable.  Nevertheless,  the 
viscosity  of  heparinized  plasma  reveals  a  definite  upward  trend  in  the  range  of  more 
dependable  readings. 


As  shown  in  Figure  4,  the  linear  relation  botvveen  log  of  viscosity  :md  .  oliu-ne 
per  cent  cells  also  holds  for  defibrinated  blood,  but  the  intercepts  for  all  shear  rates 
arc  nearly  identical  (  witliin  the  standiird  error  of  estimate  ),  indicating  that  serum 
is  Newtonian.  Direct  measurements  on  serum  down  to  the  lowest  shear  rates  com¬ 
patible  with  the  G.D.M.  sensitivity  also  showed  no  dependence  of  viscosity  ou  shear 


rati'.  Inclucloil  in  I'icnro  ‘i  are  tho  corrospontUnj  plots  for  boparlnlised  dog  blood. 

’I'ho  tUrroi'OiM'o  bolwoon  tbo  liopurintyod  nnd  Uio  doflbrinalod  Bimiploa  at  a  plvon  shour 
rate  reflects  the  effocl  of  fiorinossn  on  blood  viscosity.  Cince  the  slopes  of  the 
defibrinatecl  and  heparinized  curves  are  almost  identical,  it  appears  that  although 
fibrinogen  Is  the  non-Newtonian  element  in  the  plasma,  it  does  not  effectively  alter 
the  dependence  of  viscosity  on  red  cell  concentration,  at  least  for  dog  blood.  The 
viscot  *y  of  cloflbrlnated  blood  is  always  lower  than  that  of  neparinized  blood  at  the 
same  shear  rate  and  red  cell  concentration.  There  are  indications  that  the  viscosities 
of  defibrlnatcd  and  heparinized  blood  may  become  equal  at  sufficiently  high  shear 
rates,  but  for  the  range  considered  in  the  present  studies  the  viscosity  of  defibrinated 
blood  is  consistently  less  than  that  of  the  corresponding  heparinized  blood. 

Figure  3  shows  the  regression  lines  for  dog  cells  suspended  in  finger's 
solution.  This  pattern  of  curves  is  similar  to  those  for  defibrinated  blood  in  that  tho 
Intercept  is  again  Independent  of  shear  rate  within  the  standard  error  of  estimato. 

The  viscosity  of  the  suspending  medium  is  less  than  1.0  centipolse  as  is  indicated  in 
the  figure,  and  for  any  given  set  of  conditions  the  viscosity  of  the  Ringer  suspension 
is  less  than  either  heparinized  or  defibrinated  blood.  Here  again  it  may  be  noted 
that  the  slopes  of  the  curves  for  any  of  the  experimental  shear  rates  are  not  signifi¬ 
cantly  different  for  heparinized,  defibrinated  or  Ringer  suspensions,  lending  cre¬ 
dence  to  the  hypothesis  that  the  mechanism  of  the  viscosity  dependence  upon  red  cell 
concentration  is  determined  primarily  by  the  red  cells  themselves. 


II. 
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lince  the  preceding  procreos  report  the  testo  cn  the  effects  of  Iiigh  and  low 
i/:olccular  weight  dextrans  on  blood  viscosity  have  been  confirKiod  with  tlie  G.C.M. 
viscometer,  and  two  series  of  dextran,  one  from  ?harmachem  {  m.w.  13,200; 

45,  500;  04,  CCO;  104,  COO  )  and  the  other  from  Pharmacia  (  m.w.  2, 400;  35, 700; 

73,  000;  153,000;  375,  000  ),  were  studied. 

The  dextran  was  added  to  freshly-drawn  heparinir.ed  dog  blood  by  replacing  a 
suitable  portion  of  plasma  contalnii^  sufficient  dissolved  dextran  to  give  the  desired 
concentration  (  usually  2%  ).  This  method  of  preparation  avoids  any  changes  in 
concentration  of  other  constituents  and  permits  strictly  controlled  tests.  The  actual 
concentration  of  dextran  v/as  determined  by  tlie  anthrone  method  ( ^  ).  The  effect 
of  elapsed  time  between  preparation  of  samples  and  determination  of  viscosity  was 
shown  to  be  negligible  by  reversing  the  order  of  the  determination  in  parallel 
experiments. 

The  results  from  both  series  of  dextran  were  in  essential  agreement  when 
corrections  were  mode  for  slight  changes  in  hematocrit  which  v/ere  present  in 
experiments  with  the  Pharmacbem  series.  The  reel  cells  underwent  slight  shrin!:agc 
v/hen  the  Pharmachem  preparations,  especially  tliose  with  low  molecular  weights, 
were  added  because  of  the  presence  of  sodium  chloride  in  the  dextran  preparation. 
Pharmacia  dextran,  though  less  soluble,  was  free  of  these  osmotlcally  active 
impurities. 


As  shown  in  Figure  6,  the  13,200  m.w.  dextran  in  concentrations  up  to  3% 
has  no  detectable  effect  on  blood  viscosity  at  any  of  the  shear  rates  down  to  0. 05  sec 
whereas  Lhe  04,  000  m.w.  dextran  increases  the  viscosity  markedly.  The  increase 


of  blood  viccooicy  upon  Lno  addition  of  hicb  molecular  v/eipht  cloxtran  cannot  be 
auci'ibed  to  chaiit;cs  in  plasma  viscosity  since  those  chances  are  necbcible.  The 
action  is  directly  on  the  red  cells,  probably  causinc  accrscation  which  would  account 
for  the  associated  increase  In  sedimentation  rate  as  v/ell  as  the  reported  deleterious 
effects  of  hic'n  molecular  wcicht  de:Sran3  on  flov/  tlirouch  tue  iriicroclrculation 

A  report  of  the  results  of  these  investications  has  been  submitted  for  publi¬ 
cation  in  the  Journal  of  Tiorheolocy.  As  a  result  of  theo*.  studies,  wo  now  have  an 
in  vitro  method  of  dctcrmininc  the  specific  effects  of  plasma  expanders  on  fluidity 
or  isoosity  of  blood.  Additional  ejqpcrirncnts  have  been  started  to  compare  tlie 
effects  of  lilch  and  lo'.v  molecular  weijjht  dextrans  in  '/ivo. 
m.  'Z77ZCTZ  C?  llZ'd  C.7bL  CIbS  OH  TldCOCITY. 

This  problem  has  boon  approached  in  two  ways; 

A.  Compa*  ative  studies  on  goat*,  sheep*,  dog,  human  and  elephant^ 

'  blood  in  v/hich  the  mean  corpuscular  volumes  (  MC7  )  of  the  red  cells 
are  approximately  18,  40,  36,  SO  and  120  respectively. 

15.  Examination  of  the  effects  of  osmotic  alterations  in  the  size  of  red 
cells  suspended  in  hypo-  and  hypertonic  dinger’s  solution. 

The  actual  MCV  in  each  e:^eriment  was  derived  from  the  centrifuge  hematocrit 
value  corrected  for  plasma  trapping.  The  latter  was  determined  for  the  blood  of 

ni 

ouch  opooles  by  dilution  with  I  ‘  -albumin  to  glvo  the  true  cell  percentage  for 

comparison  witli  the  centrifuge  hematocrit. 

*  P/Iade  available  to  us  by  Dr.  Gandal  of  the  Bronx  Too. 

T  Obtained  through  the  generous  help  of  Dr.  Henderson  and  Mr.  Ctohmidt  of  the 
Tingling  Bros. ,  Darnum  and  Bailey  Circus  while  in  New  York. 


I:;:q3crimcuto  wore  clone  on  freolily-c’^  awn  heparinined  blood  (50  mc/lOO  nil). 
Additional  small  aamplos  were  allowed  to  clot  to  obtain  ssriun  for  electrophoretic 
olu  lioo.  Aliquots  of  the  hepaiinizcd  blood  were  placed  in  5  or  C  teat  tubes  and 
cenlrifuscd.  The  desired  ra:i£es  of  cell  concentration  ( irc-S  10-15  up  to  CO  CO 
volume  per  cent )  v/ere  prepared  by  transferrinc  plasma  from  one  tube  to  another 
and  umo  lowering  or  raisinj];  the  cell  percentage,  m  Aional  portion  of  the 
freshly-drawn  heparinized  blood  was  washed  tlireo  times  witli  isotonic  Tiller’s 
solution.  The  Tlngcr-waohed  cell  suspension  was  also  prepared  into  5  or  G  camples 
with  different  volume  per  cent  cells.  After  thorough  mixing,  a  small  amount  of 
each  heparinized  blood  samplo  and  each  ringer-washed  cell  suspension  was  taken 
for  measuring  hematocrit  and  for  determining  the  count  and  size  distribution  of 
erythrocytes  with  the  Coulter  Counter  and  Distribution  Plotter.  Viscosities  were 
measured  as  quickly  as  possible  after  mixing  at  a  temperature  of  37®  C  and  shear 
rates  from  50  to  0. 05  sec 

In  Figures  7,  C,  C  and  10,  the  logarithm  of  viscosity  is  plotted  against  volume 
per  cent  cells  for  the  heparinized  blood  and  the  Ringer-washed  cell  suspension 
obtained  from  tlie  five  species  studied.  Because  of  the  closeness  of  the  viscosity 
values  between  dog  and  human  blood  and  also  between  goat  and  sheep  blood,  tlie 
data  on  sheep  and  human  blood  are  presented  in  Figmres  5  and  10  respectively  in 
order  to  avoid  superimposition  of  too  many  curves.  For  the  other  three  species 
(  elephant,  dog  and  goat ),  the  semilog  plots  of  viscosity  against  volUTxie  per  cent 
cells  are  combined  and  shov/n  in  Figures  7  (  Heparinized  blood  )  and  G  (  Finger- 
woslind  coll  suspensions  ).  Thus  Figures  7  and  8  servo  to  illustrate  the  species 
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cliffcrcnceo  in  viacooiiy  at  ^ai’ioua  cell  concentrations.  In  both  types  of  samples, 
over  a  wide  ranjjc  of  volume  per  cent  cello,  tlie  viscosity  for  the  elephant 
(  f/IC  V  120  ji'"  )  is  liighcr  tlian  that  for  the  dog  (  MCV  33  jx^  )  v/liich  in  turn  is  higher 
thaii  that  for  the  goat  ( I.'ICV  10  ji* ).  The  data  obtained  from  man  (  MCV  SO  ) 
agree  rather  closely  \vitli  those  from  the  dog,  and  tlie  viscosity  for  the  sheep 
(  MCV  '10  ^  )  is  betvveen  those  for  the  dog  and  the  goat.  These  results  indicate 
that  the  viscosities  at  corresponding  shear  rates  and  tht  s>ame  volume  per  cent  cells 
fall  in  the  order  of  red  cell  size.  For  example,  at  0.05  sec”^  and  50  volume  per 
cent  Lhc  approximate  viscosities  for  the  heparinized  blood  obtained  from  elephant, 
man,  dog,  sheep  and  goat  are  170,  100, 00,30  and  20  centipoisos  respectively. 

These  values  are  not  altered  significantly  by  subtracting  the  plasma  viscosities  of 
the  individual  species  which  are  estimated  to  be  from  2  to  6  centipoises  at  the 
shear  rate  of  0.05  sec"  '. 

The  data  on  ranger-washed  cell  nuspensions  also  indicate  a  correlation 
between  cell  size  and  viscosity,  although  the  differences  among  the  various  species 
were  less  marked  than  in  the  case  of  the  heparinized  blood.  For  example,  at  a 
coll  concentration  of  50  volume  per  cent  and  a  shear  rate  of  0.05  sec”^,  the 
viscosity  values  ai’C:  elephant  40,  man  2G,  dog  23,  sheep  15  and  goat  10  centipoises. 

The  correlation  between  cell  size  and  viscosity  of  Itinger-washed  cell  sus¬ 
pension  provides  more  definitive  evidence  for  the  dependence  of  viscosity  on  cell 
size  than  such  correlation  found  in  heparinized  blood.  This  is  because  in  hepari¬ 
nized  blood  the  suspending  medium,  i.e.the  plasma,  is  not  the  same  in  the  various 
species.  Figure  11  shows  the  Analytrol  scanning  of  serum  proteins  in  the  ele- 
phorctic  paper  strips  obtained  from  man,  elephant,  goat  and  dog.  The  protein 
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patterns  are  quite  dili'ei-cnt.  The  ramnia  clohulin  fraction  is  lower  in  the  elephant 
(  r).3%  )  as  coinparcu  v/ith  those  in  noat  (  ),  man  (  IG.3%  )  and  do"  (  15.7%  ). 

The  alpha-1  fraction  is  liithcr  in  the  goat  (  8.4%  )  as  compared  to  elephant  (  5.2%  ), 
man  (  4, 3%  )  and  do"  {  2. 1%  ).  It  is  possible  that  the  serum  protein  patterns  in 
the  vai'ious  species  are  such  that  they  exacjerate.  the  specie^  difference  in  viscosity 
in  the  same  direction  as  the  influence  of  MCV,  and  hence  the  correlation  betr/sen 
viscosity  and  cell  size  is  more  strilang  in  the  heparlnizec.  .nood  than  In  the 
Itingcr-washed  cell  suspension.  It  is  intcrestip"  to  note  tliat  the  plasma  viscosities 
of  the  five  species  studied  do  vary  in  the  same  direction  as  the  MCV,  e.jj.  at 
0. 05  sec  ^  the  values  of  plasma  viscosity  can  be  estimated  as  G.  1  centlpoises  for 
elephant,  2. 0  for  man,  2.2  for  dog,  2. 1  for  sheep  and  1. 0  for  goat. 

For  a  given  animal  species,  a  comparison  of  the  log  viscosity-cell  per¬ 
centage  relationship  obtained  from  the  heparinized  blood  \vitb  that  obtained  from 
tlio  .'ingcr-washed  cell  suspension  shows  that  tho  viscosity  is  higher  in  the 

hoporlnlaod  blood  wlilch  oontalna  the  plaema  protelnai  Guoh  a  coniparlaon  la 
ohown  for  human  blofKJ  In  Figure  10,  nml  elmllnr  dJfforencon  nro  found  for  olophant, 
dog  and  goat  blood.  For  the  sheep  blood  (  Figure  3  ),  the  viscosity  of  heparinized 
blood  is  higher  than  tliat  of  tlie  FJnger-washed  coll  suspension  only  when  tlie  volume 
par  cent  cello  is  less  than  GC%. 

As  shown  in  Figures  7  (  heparinized  blood  )  and  0  (  Finger-washed  cell 
suspension  ),  the  semilog  plots  of  •'.iscooity  against  volume  per  cent  cello  for  the 
elephant  yield  straight  lines  as  in  dog  and  human  blood.  The  corresponding  data 
on  the  goat  samples,  however,  do  not  fall  on  a  straight  line,  curving  upwai'd  as  the 
cell  percentage  rises  above  40-50%.  Data  on  sheep  blood  (  Figure  C  )  also  indicate 
sucii  curvature  when  tho  cell  concentration  is  above  40-50%. 


l-’or  chc  hapai'iiiir'.oci  blood  cEi.iples,  shear  'rtrooo  v.  ao  calculated  (  -  product 
of  shear  rate  and  viscosity  ).  Tho  square  root  of  shear  stress  Is  plotted  acalnst 
the  square  root  of  shear  rate  (  Gascon  plot,  1_ )  and  the  cur/e  is  extrapolated  down 
to  civc  uhe  "yield  stress"  corraspondinc  to  zero  shear  rate.  It  is  found  that  the 
yield  stress  (Ty.  Pijura  12  )  shows  significant  species  differences  and  appears 
to  be  related  to  the  variations  in  MC7. 

E.  gJMOTIC  ALTSE/.TICII  OF  W/dlHSP  RED  CSLLd. 

Freshly-drawn  heparinized  human  and  dog  blood  was  used.  Aliquots  of 
blood  were  washed  In  tliree  Idnds  of  salt  solutions  with  different  osmotic  concen- 
trailons.  All  three  solutions  contained  0.042  CJn%  IfCl,  0.024  gm%  CaCl^  and 
0.02  gni%  NaHCOg,  but  different  amounts  of  NaCl:  0.7  cm%  (  hypotonic  ),  0.2  cm% 

( isotonic  )  and  1.3  c'''n7o  (  hypertonic  ).  For  each  type  of  washed  cell  suspension, 
samples  of  different  cell  percentages  were  prepared.  Frcllminary  tests  have 
sho\vn  tlial  for  a  given  volume%  red  cells,  the  viscosity  is  increased  by  cell 
shrinkage  Inhypcrtonlc  solution  and  reduced  by  cell  swelling  in  hypotonic  solu¬ 
tion.  It  shrald  be  pointed  out  that  the  variations  in  MCV  in  these  instances  are 
accompilnied  by  opposite  changes  in  the  mean  corpuscular  hemoglobin  ccnccn- 
tra'don  (  MCI-IC  ).  Thus  the  rise  in  viscosity  found  in  hypertonic  medium  is 
associated  v/ith  an  increase  in  MCKC  and  the  reduction  of  viscosity  in  hypotonic 
solution  is  associated  with  a  decrease  in  MCHC.  Guch  correlation  between  '/iscosity 
and  MCHC  is  in  accord  ^vith  tiie  relative  viscosities  recently  reported  by  Zrslev 
and  Atwater  ( J3 ),  using  a  capillary  viscometer  in  which  the  shear  rate  is  not 


specific  ally  known. 
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IV.  :  r/ii^LOPMisirjrj  ni  iiicvr.uHGiTVA'rioi- . 

In  Iho  Dell  Toleplione  Company  Laboraloriao  at  I/Iurray  IIIU,  a  new  rotor  and 
clri .’a  ncchaniom  has  boon  docijjnscl  and  built  for  the  G.D.M.  viscometer,  .'^th 
this  advancement  in  instrumentation,  we  are  able  to  control  temperature  v/itbin 
narrow  limits  and  malic  precise  shear  rate  settincs  tlirouch  a  continuous  scale  from 
CO  to  0,  000?,  acc“^.  This  will  eliminate  two  sources  of  er'-'r  in  .naldnj;  precise 
viocosity  measurements.  The  Dell  Telephone  Laboratories  are  also  explorinc 
further  new  possibilities  for  Increasing  the  sensitivity  and  precision  of  torque 
measurements  in  the  extremely  low  range. 

A  Limm  viscometer  ( ^  )  Is  being  assembled  and  will  be  used  for  deter¬ 
mining  viscosities  of  plasma,  serum  and  plasma  protein  solutions  at  low  shear  r^es. 

This  will  enable  us  to  obtain  further  information  concerning  the  role  of  fibrinogen  m 

% 

in  the  shear-rate  dependence  of  plasma  and  blood  viscosities. 

■7.  CTUD12S  ON  SNDOTOIfIM  GHCXIK 

This  form  of  circulatory  shock  has  been  investigated  partly  \vith  the  view 
that  It  would  be  a  suitable  experimental  model  for  exploration  of  viscoolty  factors 
in  stagnant  hypoxia  and  in  the  irreversible  stage  of  shock. 

In  dogs  under  pentobarbital  anesthesia,  the  thoracic  duct  was  cannulated. 

Dextran  v/ith  mean  molecular  v/eight  of  250, 000  (  Dx  )  and  I^^^-albumin  (  LILIA  ) 
were  injected  intravenously  and  their  concentrations  determined  in  the  plasma  {  ?  ) 
and  the  thoracic  duct  lymph  (  L  )  at  20-niin.  Inter/als  for  100  min.  2.  coli  endo¬ 
toxin  (  3  mg/lcg  i.v.  )  was  then  administered.  As  the  arterial  pressure  decreased, 
the  lymph  flow  from  the  thoracic  duct  increased  within  5  min.  after  endotoxin  and 
reached  a  peak  (  approximately  double  the  control )  in  10  min.  AL  the  same  time 
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( i::x  )  and  (rJ3A  )t  iiici’easad  markedly.  Cince  (  'x  )_  and  (  ;;J3A  usually 
decreased  slichtly,  tlic  L/P  ratio  for  these  rnacronioleculcs  increased.  Eighty 
min.  after  endotoxin  injection,  tlie  l/P  ratios  remained  liigh  (  0.G5  for  Ex  and 
0. 05  for  lUCA  )  although  the  lyir.ph  flow  already  declined  to  tviUiin  10%  of  the  control. 
In  control  dogs  not  given  endotoxin,  the  L/P  ratio  was  only  0,35  for  Dx  and  0.55 
for  dJCA  at  ICO  min.  after  the  Injection  of  these  macromolccules. 

Tltc  results  of  a  typical  endotoxin  experiment  are  shown  in  Figure  13.  The 
moan  values  and  the  standard  errors  of  mean  from  8  such  experiments  are  com¬ 
piled  and  plotted  in  Figure  14.  The  shaded  areas  in  Figm*e  14  indicate  the  results 
o'etainad  from  control  dogs  v/hich  did  not  receive  endotoxin.  The  data  indicate  that 
endotoxin  caused  a  narked  increase  of  the  outward  passage  of  fluids  rich  in  macro¬ 
molecules  across  the  capillary  membrane  of  the  splanchnic  area.  Since  the  increase 
in  lymph  flov/  after  endotoxin  was  associated  v/ith  rises  in  portal  and  wedged 
hepatic  venous  pressures  and  decreases  In  central  venous  pressure  and  hepatic 
blood  flow,  the  outward  movement  of  fluid  can  be  e:q)lained  by  an  increase  of 
hydrostatic  pressure  in  splanchnic  capillaries  due  to  hepatic  venular  constriction. 

ACI4ITOV/LEEGEMSNT3:  The  investigations  covered  in  this  report  were  carried 

out  with  the  collaboration  of  Drs.Chu  Chlen,  Chen  Chang, 
Robert  Bollenback,  Duncan  Ginclalr  and  Mr.  Harry  Taylor. 
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